| INTRODUCTION
Vitamins A, D, and E are all fat-soluble compounds and vital nutrients that our body needs in limited amounts. Vitamin A (VA) includes reinol, retinal, and retinyl esters. 1 VA is critical for vision as it is an essential component of rhodopsin, a protein that absorbs light in the retinal receptors. VA also supports cell growth and differentiation, and plays a critical role in the normal formation and maintenance of the heart, lungs, kidneys, and other organs. 2 Deficiency of VA could lead to diseases such as night blindness, hyperkeratosis, and keratomalacia. 3, 4 The World Health Organization estimates that 9.8 million pregnant women around the world have xerophthalmia as a result of VA deficiency. 5 Vitamin D (VD) deficiency could lead to muscle and bone weakness as well as pain. Severe deficiency of VD can cause hypocalcemic seizures. 6 The classic effect of vitamin E (VE) is to reduce and prevent oxygen damage to the tissue and is useful for the treatment of pain, inflammation and allergic reactions. 7 Although deficiency of VE is very rare, when it happens, it could cause impaired reflexes and coordination, weak muscles, difficulty in walking, sterility in males, induced abortion in females, and mild hemolytic anemia in newborn infants.
Ten years ago, it was reported that the diet of pregnant women was predominantly plant-based 8 and vitamin intake standards were hardly met in China. 9 Nowadays, the living standard in China has significantly improved, especially for families expecting a baby, thus pregnant women pay more attention to their nutrition status. It was reported that maternal circulating VD concentrations play an important role in
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determining neonatal circulating VD levels. 10 Karras et al. 11 reported that maternal characteristics and active forms of VD, along with their epimers, were associated with 56% of neonatal VD concentrations.
Vitamin A status is normally assessed by measuring the serum con- 16 In most hospital of northeastern China, the recommended level of VD is 20-30 μg/L. VE status is estimated by measuring the serum concentration of α-tocopherol.
Regarding serum concentrations, the functional deficiency threshold concentration of VE was 12 μmol/L (4.8 mg/L). 17 In China, little was known about the levels of VA and VE in pregnant women.
Because of the abuse of ripening agent and hormones in agriculture nowadays, people thought there were fewer amounts of nutrients in the foods than before, especially vitamins and minerals. Vitamins are very important for pregnant women and fetuses. To survey the levels of VA, VD, and VE in pregnant women in China, 1056 pregnant women in the Northeast of China were recruited for this investigation.
They did not intake additional vitamins during pregnancy, besides from food. We also help the hospitals mentioned in this paper to detect VA, VD, and VE using LC-MS instead of using commercially available kits, due to the fact that false positive results are often obtained by those kits in Chinese hospitals. 
| METHODS

| Samples collection
| Serum extract and HPLC, LC-MS analysis
Blood sample was centrifuged at 62 g, for 10 minutes after it was collected from pregnant woman, and then the sera were stored at −20°C till analysis. Before the analysis, the serum was kept at room temperature for 10 minutes, then 100 μL of serum was mixed with 100 μL of acetonitrile with internal standard added, and the mixture was centrifuged at 6953 g for 10 minutes. The internal standards of vitamin A, D2, D3, and E were vitamin A acetate, 25-hydroxyvitamin D2-d 3 25-hydroxyvitamin D3-d 6 and vitamin E acetate, respectively.
Then the supernatants were collected, extracted with 200 μL hexane.
Then, 100 μL hexane extract was dried by stream of nitrogen gas; the residue materials were dissolved in 50 μL methane and analyzed by 
| Method validation
The method was validated in terms of accuracy and precision, linearity and recovery, according to the FDA guidelines for validation of bioanalytical methods.
| Accuracy and precision
Day and intra-day variations were used to validate the accuracy and precision. To evaluate the day precision, three different serum samples were extracted and analyzed in 1 day; each sample was extracted and analyzed three times. To evaluate intra-day variation, three different serum samples were extracted and analyzed in three consecutive validation days. The precision and accuracy of the method were expressed in terms of relative standard deviation.
| Linearity
Calibration standards were prepared by spiking working solutions into the mobile phase solvent to achieve the final concentrations as fol- 
| Extraction recovery
Three different concentrations of vitamin and the related internal standard were added into human sera samples, respectively. VD2 were added at 5, 10, 20 μg/L; VD3 were added at 40, 80, 160 μg/L; VA were added at 20, 100, 500 μg/L, and VE were added at 5, 20, 50 mg/L. After the samples were extracted using the methods described above, VD2 and VD3
were determined using LC-MS; VA, and VE were determined using HPLC.
| Data analysis
All results were analyzed using IBM SPSS Statistics 21 (IBM Corporation, Armonk, NY, USA) for statistical analysis. The averages of all levels of VA, VE, and VD in the serum of pregnant women were described using column bar graph with the mean and error bar, classified by age (from 18 to 40) and area where the participants live. Pearson correlation analysis was used to describe the correlations of VA, VE, and VD with age. Statistical significance was set at P<.05 or .01.
| RESULTS
| HPLC and LC-MS analysis of VA, VE and VD
For HPLC analysis, peaks of VA and VE were showed in Figure 1A and B. In the HPLC gram, VA and vitamin A internal standard (VA-IS), VE and vitamin E internal standard (VE-IS) were separated very well ( Figure 1 ).
Vitamin D was determined by LC-MS, and the level of VD was the sum of vitamin D2 (VD2) and D3 (VD3). According the MRM graphs, peaks of VD2, vitamin D2 internal standard (VD2-IS), VD3 and vitamin D3 internal standard (VD3-IS), were determined with no interference (Figure 2 ). In Figure 2A1 and A2, the main peak were the ion 337.2, which was the daughter ion of VD2, and 413.3 was the molecular ion of VD2; in Figure 2B1 and B2, the peak was the ion 358.2, which was the daughter ion of VD2-IS, and 416.3 was the molecular ion of VD2-IS; in Figure 2C1 and C2, the peak was the ion 365.3, the daughter ion of VD3, 401.3 was the molecular ion of VD3; in Figure 2D1 and D2, the peak was the ion 371.3, which was the daughter ion of VD3-IS, and 407.3 was the molecular ion of VD3-IS.
| Method validation
| Accuracy and precision
The signal and noise heights are used to calculate signal-to-noise ratio.
The Lower limits of quantification of vitamins are as following: 40 ng/ mL for VA, 30 ng/mL for VE, and 0.5 ng/mL for both VD2 and VD3.
The values of relative standard deviation (RSD) of day and intra-day precision of VD2 were 3.39% and 6.12%, respectively. The RSD of day and intra-day precision of VD3 were 4.9% and 7.8%, respectively.
| Linearity
The calibration curve was prepared by plotting the peak area ratios 
| Extraction recovery
The extraction recovery was calculated by comparing the peak intensity of vitamin internal standard extracted from serum samples with these compounds directly injected to HPLC and LC-MS. All the average of extraction recoveries of VA, VD2, VD3, and VE were determined to be between 90% and 105%.
| VA, VD, and VE status of pregnant women
The mean serum levels of VA, VE, and VD from these 1056 pregnant Figure 3) . However, the levels of VD and VE were different for participants among different cities, especially for the pregnant women from Siping and Baicheng (Figure 4 ).
| The correlations of VA, VE, VD levels, and age or area
For Pearson correlation analysis, the correlation between VE and VD was significant at the .01 level (twotailed), and the correlation coefficient was 0.355. The correlation between VE and age was significant at the .01 level (two-tailed), too; and the correlation coefficient was .086. At the .05 level (two-tailed), the correlation of VA and age was significant, and the correlation coefficient was .072. Besides these, there was no significant correlation among them (Table 3) .
| DISCUSSION
In our study of measuring the VA, VD, and VE levels in the sera of 1056 pregnant women in the northeastern China, we found that T A B L E 1 Vitamin levels in the serum samples from pregnant women VDD was the most serious symptom for these participating patients.
We showed that the mean serum VD concentration in these pregnant women was 20.47 μg/L (95% CI 19.86, 21.08). More than half of the pregnant women tested had VDD (<20 μg/L), which was more serious than many other countries. For example, the rate of VDD in pregnant women was 5.7% in Iran, 19 14.9% in Northeast Brazil, 20 19.5% in Greece, 21 31% in southern India, 22 and 32% in northern India. 23 In our study, most of the participants had experienced varying degrees of leg cramps during their pregnancy according to our telephone follow-up interviews, though these data were not showed in this article.
Vitamin D deficiency has become a worldwide issue in the population of all different ages. [24] [25] [26] Most people agree that serum VD concen- Second, Chinese diet is low in VD, 27 particularly because VD is not very stable against heat that occurs during typical Chinese way of cooking. 28 In addition, Chinese women usually prefer fair skin, so they tend to have less sun exposure and regularly use sunscreen. Last but not the least; young people in China are taller than they used to be, therefore, it is conceivable that their body may consume more VD for bone growth than the people in the old times. Our study suggests most of the pregnant women did not take enough VD from their foods or they did not have enough VD synthesized by their bodies. So, it is important that pregnant women should have additional VD intake to maintain their normal levels and they should also have more sun exposure.
The mean of serum VD levels in pregnant women from Baicheng and Siping were higher than those from the other cities, and the rate of VDD was lower in both of these cities. Perhaps pregnant women in these areas consume more meat and raw vegetables.
In this study, we found that VDD was more serious among the pregnant women under the age of 30 compared with those above the age of 30; especially for those of age between 26 and 30, the rate of VDD was up to 61.10%. We think this is because young people in China tend to work very hard and take less care of their health and diet, however, when they reach an age of 35 and older, they tend to start child bearing and therefore take better care of their health and diet, although some It was reported that VA deficiency was strongly associated with pregnancy and birth defects. 31 It was reported that antenatal VA supplementation decreased anemia, poor infant growth, low birth weight, and preterm delivery. 29 Our results showed that the correlation of VA levels with age was significant at the .05 level (two-tailed), indicating that VA levels increase with age. It does not necessarily mean that elder pregnant women are healthier than the younger ones due to their higher VA levels, or the babies of elder pregnant women will be healthier.
Our results showed only 2 (0.19%) out of 1056 pregnant women participated in this study had a VE value lower than 5 mg/L, at 4.4 mg/L and 4.6 mg/L, respectively, and no adverse health consequences were observed for either of them. In other words, VE intake was enough for most of the pregnant women that had been tested.
VE can be obtained from diet, such as vegetables and plant oil, which is different from VD that is synthesized in our body. We suspect that probably due to fact that Chinese people like plant oil more than animal fat, especially for women, normal pregnant women may be able to obtain enough VE from their foods, such as soybean oil and peanut oil.
It is interesting that our results showed that the correlation between the levels of VE and VD was significant at the .01 level (two-tailed).
However, we do not know the exact reasons for that. No article had ever reported a relationship between the levels of VE and VD, therefore, we can only speculate that maybe they can mutually promote each other's absorption. VD and VE are both effective treatment for premenstrual syndrome, 32 both have antigenotoxic and antimutagenic properties, and they both play important roles in bone metabolism. 33 The relationship between VD and VE should be studied further in the future.
| CONCLUSIONS
According to our findings, the levels of vitamin A, D and E in the sera of pregnant women in the Northeast of China were affected by where they live and their age. Vitamin D deficiency was very serious, and vitamin A deficiency was common, vitamin E was sufficient. Pregnant women should follow the doctor's advice to take additional vitamin supplements.
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